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I. The Problem Under Cons idera t ion  

At t en t ion  t o  d a t e  has  focused on t h e  problem of h e a t  t r a n s f e r  i n  t h e  

en t rance  r eg ion  of an  annulus wi th  s imultaneously developing v e l o c i t y  and 

temperature p r o f i l e s .  The g e n e r a l  approach is  a numerical  s o l u t i o n  of t h e  

boundary layer equat ions .  This  r ep resen t s  t h e  f i r s t  s o l u t i o n  of t h e  h e a t  

t r a n s f e r  problem which r e t a i n s  t h e  non-linear t e r m s  i n  t h e  equat ion  of motion. 

11. Accomplishments t o  Date 

F i n i t e  d i f f e r e n c e  approximations have been formulated f o r  t h e  equat ions  

of c o n t i n u i t y ,  motion and energy. A scheme f o r  so lv ing  t h e  r e s u l t i n g  

a l g e b r a i c  equat ions  has  been programmed and a few r e s u l t s  are now a v a i l a b l e .  

F igure  I shows t h e  developing v e l o c i t y  p r o f i l e s  f o r  a r a t i o  of i nne r  

t o  o u t e r  r a d i u s ,  k, of 0.5. It can be  seen  t h a t  t h e  w e l l  known f u l l y  

developed p r o f i l e  is achieved. This ,  t oge the r  w i t h  t h e  reasonable  p re s su re  

drop and en t r ance  l eng th  and t h e  behavior  of t h e  normal component of velo-  

c i t y ,  i n d i c a t e s  t h a t  t h e  s o l u t i o n  is s a t i s f a c t o r y .  

This  v e l o c i t y  p r o f i l e  has been used i n  t h e  energy equat ion  t o  o b t a i n  

Nusse l t  numbers (dimensionless h e a t  t r a n s f e r  c o e f f i c i e n t s )  as a func t ion  

of d i s t a n c e  down t h e  condui t .  The boundary cond i t ions  employed were cons tan t  

h e a t  f l u x  a t  t h e  inne r  s u r f a c e ,  i n s u l a t i o n  a t  t h e  o u t e r .  The r e s u l t s  are 

shown i n  F igure  I1 f o r  P r a n d t l  numbers of 0.01, 0.7 and 10.0. The r e s u l t s  

appear q u i t e  s a t i s f a c t o r y .  The c o r r e c t  f u l l y  developed s o l u t i o n  is  obtained 

and t h e  checks wi th  t h e  l i n e a r i z e d  s o l u t i o n s  i n d i c a t e  c l o s e  agreement except  

very  nea r  t h e  i n l e t  where t h e r e  i s  some divergence as should be  expected. 
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111. Completion of This  Phase of t h e  Work 

Success fu l  completion of t h i s  phase of t h e  work depends upon t h e  

r e s u l t s  ob ta ined  f o r  t h e  cases where k has  va lue  lower than  0.5. It i s  

i n  t h i s  r eg ion  where cu rva tu re  becomes important  and where t h e  l i n e a r i z e d  

s o l u t i o n s  can be expected t o  f a i l .  This  is  a l s o  t h e  r eg ion  t h a t  p r e s e n t s  

t h e  severest test of t h e  numerical  procedures .  Ca lcu la t ions  f o r  t h e  

case k = 0.1 are i n  progress .  
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